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Abstract. Mixolab is a device used to investigate the thermo-mechanical behaviour of the 
dough. The aim of the present study was to investigated the possibility of predicting the quality of the 
wheat based on the behaviour of the flour with different extraction rates. Our results indicated 
relationships in terms of water absorbtion capacity, dough stability, C3, C5, α and γ slopes between 
whole wheat flour and white and brown flours. Taking into account the obtained results we may 
conclude that Mixolab can be successfully used to predict the quality of the wheat used for obtaining 
industrial flours through the milling process. 
 





The wheat kernel consists of three principal parts: germ (about 2-4%), bran (about 7-
8%), and endosperm. The endosperm is composed of the starchy endosperm (about 81-84% of 
the kernel weight) and aleurone layer (about 5-8% of the kernel weight) (Dewettinck et al., 
2008). Wheat milling is a mechanical gradual reduction process of the endosperm wich is 
separated from the kernel and then is ground into milling streams flour (Campbell, 2007; 
Fang and Campbell, 2003; Godon and Wilm, 1994; Hareland and Shi, 1997; Sarakatsansis, 
2007). The flour fractions separated at different technological stages are generally mixed to 
fulfill economic, qualitative and nutritional constraints and to provide flours with specific 
processing characteristic. The quality of the resulting flour is given by the composition of the 
different mill streams that are selected for blending and the functionality of the different 
components.  
The main chemical compounds of the wheat are carbohydrates, protein and lipids. 
These components are non-uniformly distributed within the wheat kernel (Dornez et al., 2006; 
Sutton and Simmons, 2006; Dewettinck et al., 2008). The composition and functional 
characteristics of the flour mill streams obtained at the different technological passages 
depend on the content of the different anatomic parts, but also on the zone of the endosperm 
they come from. Wheat bran is rich in non-starch polysaccharides (arabinoxylans, about 70% 
of non-starch polysaccharides), cellulose and β-glucans (Courtin and Delcour, 2002). The 
aleurone layer that is rich in protein, minerals and vitamins, is usually broken away with the 
outer layer in the milling process, thus contributing significantly to the nutritional quality of 
the bran fraction. 
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Flours differ in their extraction rate. If the extraction rate is lower than 75%, the white 
flour is obtained, whereas for extraction rate exceeding 80%, whole meal flour is obtained for 
extraction rates approaching 100%, (Dewettinck et al., 2008).  
Mixolab is a device used to investigate the thermo-mechanical behaviour of the dough. 
The Mixolab technique is an empirical method similar to classical Farinograph, Mixograph, 
Extensograph or Alveograph, which predict the final product quality by simulating the steps 
of the breadmaking process (Bloksma and Bushuk, 1988; Chiotelli et al., 2004, Collar et al., 
2007). So, the Mixolab technique allows the complete characterization of the flours in terms 
of (i) proteins’ quality by determining their water absorption, stability, elasticity, and 
weakening properties; (ii) starch behaviour during gelatinization and retrogradation; (iii) 
consistency modification when adding additives and (iv) enzymatic activity of the proteases, 
amylases, etc. (Collar et al., 2007; Kahraman et al., 2008; Banu et al., 2010a; Banu et al., 
2010b).  
The aim of the present study was using the Mixolab for predicting the quality of the 
wheat used to get industrial flour with different extraction rate. 
 
MATERIALS AND METHODS 
 
Ten Romanian wheat varieties (harvest 2007), were milled in an industrial roller mill 
(Buhler, Uzwil, Switzerland, capacity 3300 kg/hour) to an extraction rate of 77%, when the 
white flour (0.48% ash content) was obtained, and to an extraction rate of 82%, when the 
white and brown flours (0.48%, respectively 1.00% ash content) were obtained.  
The industrial roller mill consisted on four break rolls, nine reduction rolls (C1, C2, …, C9), 
one break reduced, three bran finisher, and one turbostar sifter. The characteristics of the 
roller mill and the milling diagram ensure an efficient granulometric separation that 
compensates the faillure of the purifier machines. The obtained wheat mill streams consisted 
of 4 break flour fractions (B1/B2, B3, B4, B5f), 13 reduction flour fraction (C1I, C1II, C1III, 
C2/C3I, C2/C3II, C2/C3III, C4I, C5I, C6I, C7I, C8I, C9I, C9II), 1 break reduced fraction 
(DIV), and a bran finisher flour (BF).  
The flours were sampled according to the standard SR EN ISO 13690:2007. The 
whole wheat flour was obtained by grinding the wheat in a laboratory mill (Perten Mill 3100). 
The physical-chemical characteristics of the wheat and flours were evaluated as 
follows: the moisture content through the AACC 44-51 method; the ash content through the 
SR ISO 2171:2002 method; the gluten index through the SR ISO 21415-2:2007 method 
(Sistem Glutomatic 2200, Perten Instruments AB); the wet gluten content through the SR ISO 
21415-2:2007 method (Sistem Glutomatic 2200, Perten Instruments AB); the falling number 
through the AACC 56-81B method (Falling Number, model 1400PT, Perten Instruments AB). 
The rheological characteristics were tested with the Chopin Mixolab using the 
standard ‘‘Chopin+’’ protocol. The typical curve recorded by the Mixolab is shown in Figure 
1. The parameters enlighten in the curve are: C1 (Nm) – indicates the peak torque of the 
dough, used to determine the water absorption; C2 (Nm) – measures the protein weakening 
based on the mechanical work and temperature; C3 (Nm) – expresses the starch 
gelatinization; C4 (Nm) – indicates the stability of the starch gel formed; C5 (Nm) – measures 
the starch retrogradation during the cooling stage; α - represents the slope of the curve 
between the end of the period of 30ºC and C2; gives indication about rate of the proteins’ 
thermal weakening; β - represents the slope of the curve between C2 and C3; gives 
indications about the gelatinization rate; γ - represents the slope of the curve between C3 and 
C4; gives indications about the rate of enzymatic hydrolysis.  
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The multiple regression analysis was performed using the package Statistica for 
Windows 4.3 to calculate the level of significance for the correlation coefficients. The same 
package was used for descriptive statistics (mean, standard deviations, range and coefficients 
of variation). 
 
Fig. 1. Typical curve recorded by the Mixolab 
Zone (1) - dough development (constant temperature 30ºC); Zone (2) – thermal weakening of the proteins; Zone 
(3) - starch gelatinization; Zone (4) - enzymatic activity, constant heating rate; 
Zone (5) - starch retrogradation 
 
 
RESULTS AND DISCUSSION 
 
Chemical characteristics of wheat (Tab. 1) indicated a wide variation in the quality 
characteristics of different wheat.  
 
Tab. 1 
Some chemical characteristics of wheat samples* 
 
Parameters Mean Range SD 
Wet gluten content, % 25.6 23.4-28.7 1.95 
Gluten index, % 95.1 92.5-98.8 2.38 
Falling number value, s 436 398-453 22.13 
*The moisture of the samples was 14% 
 
The main parameters obtained from the Mixolab curve for the whole wheat, and the 
flours are presented in Tab. 2. 
In the Mixolab system the water absorption capacity represents the percentage of 
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In the Mixolab Applications Handbook (2006) is reported an excellent relationship 
between white flour hydratation and whole meal hydratation: WA white flour = 1.03 x WA whole 
wheat meal – 0.45 (r2 = 0.85). Our results indicated a good correlation in terms of the water 
absorption capacity between whole wheat flour and white and brown flours: WA whole wheat flour 
= 104.5 + 0.62 x WA brown flour – 1.37 x WA white flour (r2 = 0.67). When only white flour was 
generated by wheat milling, the relationship between white flour and whole meal flour was:  
WA white flour = 1.18 x WA whole wheat meal – 14.9 (r2 = 0.9). 
 
Tab. 2 
Some parameters from the Mixolab curve for the whole wheat, white and brown flours 
 
Parameters 
Whole wheat White flour Brown flour 
Range Mean SD Range Mean SD Range Mean SD 
WA, % 60.7-62.7 61.6 0.77 57.4-58.7 57.9 0.57 58-60.9 59.1 1.12 
S, min:s 6-8.5 7.9 1.07 4.29-5.55 5.03 0.56 4.5-7.54 6.22 1.10 
C3, Nm 1.83-2.1 1.95 0.10 1.94-2.42 2.12 0.19 1.73-1.92 1.81 0.08 
C5, Nm 2.31-2.56 2.45 0.10 2.35-2.59 2.45 0.09 2.62-3.03 2.79 0.16 
α, Nm/min (-0.094)-(-
0.064) 
-0.07 0.004 (-0.072)- 
(-0.028) 











In zone (1) in Fig. 1 an increase in the torque it is observed until a maximum value, 
and after achieving the value of 1.1 Nm at the constant temperature of 30ºC, the dough 
becomes stable at deformations. The period of time when the torque and the temperature are 
constant corresponds to stable doughs. 
An interesting estimation of the stability was found: S
 whole wheat flour = 2.26 + 0.77 x S 
brown flour – 0.17 x S white flour (r2 = 0.75) and S white flour = 0.61 x WA whole wheat meal + 0.09 (r2 = 
0.89). These results are in agreement with the observations from Mixolab Applications 
Handbook (2006) that established S
 white flour = 0.90 x S whole wheat flour + 30.03 (r2 = 0.58). 
The zone (2) in Fig. 1 gives indications about the dough weakening due to protein 
unfolding, which is coupled with torque decrease. The dough weakening characterising zone 
(2) is lower compared to the thermal weakening after 90ºC (zone (4) in Fig. 1). Indeed, the 
temperature increase destabilizes and unfolds the proteins, which become hydrophobic (Haros 
et.al, 2006; Rosell et al., 2007). The rise of the dough temperature in the Mixolab implies the 
protein denaturation involving the release of a large quantity of water. Within the temperature 
range of zone (2), the proteolytic enzymes have an optimal activity, represented in the 
Mixolab curve by the α slope. According to our results, a good estimation of the α slope was 
obtained: α
 whole wheat flour = -0.07 + 0.08 x α brown flour - 0.21 x α white flour (r2 = 0.64). 
The starch gelatinization rate recorded in the second heating stage (zone (3)) for 
temperatures higher than 55ºC, is defined by the β slope. The dough heating coupled with the 
water released by the thermally denaturated proteins causes the starch gelatinization. The 
starch granules swollen and hydration induce the dough consistency increase. This process is 
stopped when the mechanic shear forces and the temperature lead to the physical division of 
the granules (Rosell et.al, 2007). Our results indicated an extremely good estimation of the C3 
torque: C3
 whole wheat flour = 4.46 - 1.21 x C3 brown flour – 0.15 x C3 white flour (r2 = 0.84) and C3 white 
flour = 0.68 x C3 whole wheat flour + 0.7 (r2 = 0.77). These results confirm the observations from 
Mixolab Applications Handbook (2006): C3
 white flour = 1.51 x C3 whole wheat flour – 0.92 (r2 = 
0.85). 
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When reaching the plateau of 90ºC (zone (4)), the rate of dough consistency decrease 
is given by the γ slope. According to our results γ
 whole wheat flour = 0.75 - 0.1 x γ brown flour - 1.06 
x γ white flour (r2 = 0.93) and γ white flour = 0.59 - 0.83 x γ white flour (r2 = -0.96). 
During the period of cooling the starch gel (zone (5) in Figure 1), the dough 
consistency increases up to C5. The torque C5 corresponds to the end of the starch 
retrogradation period. We can estimate the C5 torque using the formula: C5
 whole wheat flour = 
0.35 - 0.45 x C5 brown flour + 1.37 x C5 white flour (r2 = 0.78). When only white flour was 
generated by wheat milling, the correlation between C5 for white flour and for whole meal 
flour was excellent, r2 = 0.98, and for the estimation it is necessary to use the formula C5
 white 
flour = -0.1 x C5 whole wheat flour + 1.06. In the Mixolab applications Handbook (2006) was 
presented a good estimation of C5, with C5





The Mixolab is a new device which measures dough’s torque associated to mixing and 
temperature constraints. Mixolab can be used to predict the quality of the wheat based on the 
behaviour of flours obtained through industrial milling. Our results indicated relationships in 
terms of water absorbtion capacity, dough stability, C3, C5, α and γ slopes between whole 
wheat flour and white and brown flours. 
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